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HONEYWELL INC.
SOLID STATE ELECTRONICS DIVISION
CONTRACT NO. NAS8-34169
MODIFICATION NO. 5
RESEARCH OF PRESSURE INSTRUMENTATION FOR NASA SPACE SHUTTLE MAIN ENGINE
Monthly R & D Progress Report May 1984 - Report No. 8
A. Technical Progress and Plans
- See attachment 'A'
B. Schedule
Sep
 attachment 'B'
C. Status of Funds
LBM
Total Baseline Plan
	 $407,350
Total Funded	 $300,000
Cost Incurred to 6/03/84
	 $242,000
Inception to Date Plan
	
$217,600
Estimate at Completion
	
$407,350
D. Estimated percent of physical completion:
	
59%
E. At the present time the comparison of the cumulative costs to the percent
	 1
of physical completion does not reveal any significant variance requiring
explanation.
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ATTACHMENT 'A'
RESEARCH PRESSURE INSTRUMENTATION
FOR
NASA SPACE SHUTTEL MAIN ENGINE
HONEYWILL, INC.	 4
1	 -
1.0 Introduction and Objective
I
The first phase of this contract (Tasks A and B) resulted in a highly suc-
cessful demonstration in April 1983 at the MSFC of Honeywell s breadboard
feasibility model of a silicon Piezoresistive Pressure Transducer suitable
for SSME applications.	 A
The purpose of Modification No. 5 of this contract is to expand the scope
of work (Task C) of this research study effort to develop pressure instru-
mentation for the SSME. The objective of this contract (Task C) is to
direct Honeywell's Solid State Electronics Division's (SSED) extensive
experience and expertise in solid state sensor technology to develop proto-,
type pressure transducers which are targeted to meet the SSME performance
design goals and to fabricate, test and deliver a total of 10 prototype
units.
SSED's basic approach is to effectively utilize the many advantages of
silicon piezoresistive strain sensing technology to achieve the objectives
of advanced state-of-the-art pressure
	 nsors in terms of reliability,
accuracy and ease of manufacture. Me 	 specifically, integration of
multiple functions on a single chip is the key attribute of this technology
which will be exploited during this research study.
The objectives of this research study will be accomplished by completing
the following major tasks:
1. Transducer Package Concept and Materials Study 	 i
Three transducer design concepts will be generated and analyzed
for the SSME application and materials/processes will be defined 	 A
for the research prototype transducer design.
2. Silicon Resistor Characterization at Cryogenic Temperatures
The temperature and stress properties of a matrix of ion
implanted piezoresistors will be characterized over the tem-
perature range of -320°F to +250°F.
3. Experimental Chip Mounting Characterization
The mechanical integrity of chip mounting concepts will be eva-
luated over temperature, pressure and vibration.
4. Frequency Response Optimization
This task is a paper study which will specify and analyze an
acoustic envivonment for which transducer frequency response can
be determined and optimized. 	 t.
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I
5. Prototype Transducer Design, Fabrication, and Test
r
This major task will use the results generated in Tasks 1 	 r
through 4 above to design and develop a research prototype 	 a
pressure transducer for the SSME application and will
culminate in the delivery of 10 transducers, 5 each for the
ranges of 0 to 600 psia and 0 to 3500 psia. This task is
subd Vided into the following five areas:
a
- Feasibility Evaluation of Transducer Concept
9
- Prototype Transducer Design
- Prototype Transducer Fabrication and Test
- Prototype Qualification
- Prototype Delivery.
	
i
6. Reports
Honeywell will submit monthly progress reports during the
period of the contract; a final report will be provided at
the completion of the contract.
•	 The format of this report will
	
discussbe to 	 the works	 ^
performed for this reporting period and the plans for the
next reporting period for each of the major tasks outlined
above.
2.0 Work Performed and Plans
2.1 Transducer Package Concept and Materials Study.
'	 C
This task was completed per plan during January 1984.
2.2 Silicon Resistor Characterization at Cryogenic Temperatures.
2.2.1 Work performed in May.
	 I
This task was completed during this reporting period. 	 f)
Two cryogenic test runs havE now been completed down to
-425°F. There were three sensors per run. Both TE bonded and
"floating" sensor chips were evaluated. An implant dose of
1.28 E15 has the desired TCR and temperature-pressure
	 1
sensitiVity characteristic^^ and was selected for use in the 	 i
fabrication of the Feasibility Sensor Chip. Atachment 'C'
contains some examples of the sensor characteristics from the
second cryogenic run.
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PAGE THREE
2.2.2 Plans for June
No activity is planned for the next reporting period since this,
task was completed in May.
2.3 Experimental Chip Mounting Characterization
2.3.1 Work performed in May
Detailed and interface drawings were recieved from Deutsch
Connector during this reporting period. This allowed the
design of the Experimental Sensor (electrically nonfunctional)
piece-part hardware to be completed.
The design and fabrication of vibration fixturing to accommodate
testing up to 150g's was completed. The design of vibration
fixturing to accommodate 4,000g's was started.
The decision was made during this reporting period to pursue
the Au/Ge solder approach for assembling the Experimental
Sensor devices that are electrically nonfunctinal. These
sensors will be used to assess the mechanical integrity of our
selected sensor design approach. (Re: Honeywell's April
Monthly Report, Attachment 'D' (Alternate D)).
i
1
The solder creep
beyond the scope
work was stopped
solder creep, if
temperature/pies;
later on in this
experiment for the aformentioned approach was
of the original plans for,
 this task. This
based on cost considerations. The impact of
it is significant, will be evaluated from the
;ure testing of the Feasibility Sensor devices
program.
The status of the piece-part build for the Experimental Sensor	 b
is as follows:
• Silicon Nitride Parts:
	 Material on order
(due early June)
• Stainless Steel Housing: Complete
• Stainless Steel Base:
	
Complete
	 4
• Pyrex Cover Glass and
Mounting Washer:
• Au/Ge Performs:
Material Received and is
being lapped and polished
(estimate-to-complete is mid
June)
Complete
s INVAR mounting plate:
	
Complete
An updated and more complete materials list was completed and
forwarded to Mr. T. Marshal under separate cover. See
Attachment 'D' for details.
_.
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2.3.2 Plans for June
The plans are as follows:
Complete design and start the fabrication of these test 	 t
fixtures:
• Vibration testing (4,OOOg's).
0
• High pressure testing.
• High pressure leak checking.
- Receive these parts:
k
• Silicon nitride subassemblies.
• Lapped and polished pyrex washer.
• Lapped and polished cover-window.
- Complete assembly of experimental sensors.
- Complete temperature, pressure and vibration testing.
2.4
	
Frequency Response Optimization k
This task was completed per plan in February 3984.
2.5	 Temperature Sensor Network Concept Study. .
This task was deleted when the contract was negotiated. E..
2.6	 Prototype Transducer Design, Fabrication and Test
F
2.6.;	 Feasibility Evaluation of Transducer Concepts.
2.6.1.1	 Define/Finalize Concept for Feasibility Transducer.
.1	 Work performed in May
The design of the Feasibility Sensor and an internal 	 design
review were completed. 	 Also the layout of this sensor chip
was started and completed,	 including incorporation of
changes	 recommended from the design review. 	 Attachment	 'E'
is a summary of the sensor desing and the layouts as it will
be submitted to the mask shop. ffi
Two sources for silicon washer material were identified.
These sources are:
- SSED Inventory
-	 Monsanto
5PAGE FIVE
The thickness; of the wafers will be in the .22-24 mils range.
The SSED mate y^i al will be used at the primary source and
Monsanto as a back-up source of supply.
.2 Plans for June
The plans are as follows:
- Complete mask fabrication for Feasibility Sensor.
- Start wafer processing.,
2.6.1.2 "Prototype" Transducer Design
.1 Work performed in May
This task was closed per plan as reported in our April
Monthly Report. Recall, the activity being addressed
recently was Frequency Response design considerations. The
work performed was a logical extension of the "Frequency
Response Optimization" task, (Re: Section 2.4). Rather
than stop and restart this activity as part of the
"Prototype Transducer Design", we elected to keep the
momentum goinn and complete it as reported last month.
.2 Plans for June
No activity is planned for this reporting period. This task
is scheduled to be reopened 'in , 11/84.
3.0 Schedule -- See Attachment V.
The "Experimental chip Mounting" task was not completed in May as planned.
The major elements leading to this delay were the re-evaluation of the
assembly approach and longer than planned delivery of the pyrex and silicon
nitride materials. The plan is to complete this task in June; however,
that is contingent upon the timely delivery of the polished pyrex glass and
silicon nitride materials. It is possible that completion of this task
will slip to July, 1984. This delay is not expected to have an adverse
impact on the completion of the Feasibility Sensor task. (Re: Section
2.6.1)
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ATTACHMENT "D"
Honeywell
May 24, 1984
ORIGINAL	 L
OF POORt ^3A0`iy
-
Me. Thomas Marshall
NASA
Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
RE	 1. NASA Contract No. NAS8-34769
2. Six Month Review At NASA/MSPC, 4/12/84
3. SSED's Monthly Report for January, 1984, Attachement'E I , 2/9/84
4. My letter of 3116/84 (Materials Testing and Evaluation)
Dear Tom;
Enclosed is a more compreshensive materials li4 t which we are planning to
use in the fabrication of our deliverable pressure transducers. (Reference 1)
This list was prepared in response to your 12, April 1984 request for same.
(Reference 2) Please reveiw this list and provide us with your comments and
questions as soon as possible. This list is an updated version of the one
presented at our Six Month Review (Reference 2) and which was also included
in our January Monthly Report. (Reference 3)
At our Six Month Review, you indicated that you were expecting, in the
following week, to receive a reply from your Materials Lab regarding the
support you can provide in the area of materials testing and evaluation of
some materials for which we are either lacking data and/or are not on the
approved list of NASA materials. (Reference 4) My records indicate we
have not yet received a response from you on this subject.*
I am requesting that you review the review materials list and respond as
soon as possible with your comments. Also, please include your Y-dsponse
to our request for materials testing and evaluation support. (Reference 4)*
look o	 rd to hearing from you soon.
Sincerely,
V
^t. Ande
rogram Ma er
P. Nt/ sbaum MN14-3B35 	 J. Onffroy	 MN14-3835
R. M ullen MN14-3B35	 D. Street	 MN14-4C37
D. Wamstad	 MN14-3835	 J. Shea	 MN14-3B20
* Response Received 6/4/84
-1^
HONEYWELL INC., SOLID STATE FLECTr -rS DIVISION, 12001 STATE HIGHWAY 5s, PLYMOUTH, MINNESOTA 55441, TELEPHONE 612/511.2300
B1.)38E•126iiev 7/8i
i
..J
0
ATTACHMENT "D" CONT'D.
Honeywell interoffice: vorrespo-Wence
Dale :	 May 22 0	1984
suhjecl:	 PROPOSED 14ATERIAL LIST FOR THE NASA PRESSURE TRANSDUCER
To; - P. Anderson MN14-3825 From: D. Wamstar
urganizal.on; SSED
cc:	 J. Onffroy MN14-3835 HEp. 141114
J. Shea MN14-3820 Ms: 3B35
y Telephone. 541;-2091
a
The attached list of materials are proposed for the construction of the
NASA Pressure Trans,. Ler. The list of material shows the location of
materials as referenced by item number in Figures 1 and 2, and also
provides the material interface temperature, pressure and pressure media
which the material will be exposed to.
Would you submit this to NASA for their recommendations as to the suita-
bilityof the material.
D / 7 iN.
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KAM W4M MMSIM MUM
F161JRE 1-. SSME PRESSURE SEIM MMING - SILICON TO SILICON
NITRIDE FATCHO COFFRESSION SEALS
10 WU WINE LEADS
9 COPPER MIRE - TO PROVIDE ELECTRICAL CONNECTION BETWEEN SENSOR
AND EXTERIK Cf)NNECTIOW.
8 SOLDER w
7 PYREX WASHER - TO PROVIDE SMOR MAT AND SENSOR DIAPHRAGM.
6 SOLDER NO - TO PROVIDE HERETIC SEAL AID MIM REFERENCE.
5 COVER 6LASS - TO ALLOW LASER TRIMING OF THE SILICON SENSOR CHIP
COlf'01SATING NETWORK AND PROVIDE A NEAMETIC SEAL KTMEEN THE COVER.
4 SOLDER IX - TO PROVIDE MENUIC NEAL ME7WEEN THE TWO (2) SILICON
NITAIDE PARTS,
3 SILICON NITRIDE - To PROVIDE NUMETICALLO Y SEALED ELECTRICAL
CONDUCTOR PADS WITH ELECTRICAL ISOLATION Wk
2 SILICON NITRIDE - TO PROVIDE NENVICALLY SEALE,.	 -TRICAL
CONDUCTOR PADS FROM SILICON 9315  CHIP TO LEAD W,.-S.
1 SIL Irr - '01SOR CHIP - 10MING AREA ON CIRCUIT SIDE,
t4
a
r11 Imw11'16111	 N	 vv1.6 . 3 . ^.
•	
NASA PRESSURE TRANSDUCER PROGRAM
FIGURE 2:	 SSME PRESSURE SENSOR PACKAGE - SILICON • TO SILICON
NITRIDE MATCHED COMPRESSION SEALS - INVAR INSERT
WITH MING
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{	 ATTACHMENT "D" CONT'D.
Na,Aiiii Ai)rcjnduhea and ~
cc;,^c,, Ac,,m,nrs ► r,*won
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TO:	 1:B21/Mr Garrett
F RO.M	 Sf101/Mr. Schwinghamer
SUBJECT: ;aterials Testing SSME Technology Program Pressure
Transducer
Reference is made to your memorandum EB22(84-62). Honeywell
requested the following information:
a. 304-CRES: Reaction data in hydrogen, oxygen,
nitrogon and helium area range of -423°F to +200°F.
Pressure limit of 20,000 psi, operating pressure of 9500 psi.
b.. Silicon Nitride and INVAR: Above data plus thermal
ex pansion, thermal conductivity, tensile strength and yield
strength for temperature range of -423°F to +200°F.
Enclosure 1 contains data currently available in this Laboratory.
"hero is no reacting problem with hydrogen, nitrogen and helium
for the above materials. High pressure oxygen tests currently
are limited to 10,000 psi. Please feel free to contact Mr. Riehl,
:131, c3irectl %
 regard'	 testing in oxygen.
All
r^
1?. f7. Sch"	 e
Director
Materials & Processes Laboratory
cc:
E1i02/J1 r. Key
E1131./Ar. Richl
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2. Reheat to C00 F (315 C), hold 1 hour per
Inch (25 mm) of thickness, air cool,
3, Reheat to 205 r" (96 C), hold 48 hours, air
cool.
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TEMPERATURE
F,gvre 1, Effect of tem perature on the typical tensile properties of
annealed 3G% r11•F a alloy,
Mechanical Properties
Tensile Properties and f/ardness
Typical room temperature mechanical prop-
erties of annealed and cold worked 36 per
cent nickel-iron alloy are shown in Table Ii.'
The effect of temperature on the tensile prop-
erties of plate and forged bars in the annealed
condition are shown In Figures 1 and 2,
36 per cent nickel-iron alloy Is not notch-sen-
sitive: the ratio of notched tensile strength to
unnotched tensile strength is on the order of
1,10 at room temperature as well as at —320 F
(-136 C)'
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Figure 2. Effect of 'nrn perature on the tensile properties of forged
36% Ni-Fe alloy in ie annel;led condition.
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PROPERTIES FROM
I	 5/a' (15,9mm) SO FORGED BAR
ANNEALED 1.509f -I/2 NR-AC
Notch Tensile Sirengl
Tensile Strength
Yi^Jfengt h
l)
Reduction of Area
Elongotion
,
)
TABLE
Typical Mechanical Properties of 36 Per Cent Nickel-Iron Alloy
Cold Cold Cold
Worked Worked Worked
Annealed 15% 25% 30%.
Tensile Strength, psi --71,400 93,000 100,000 106,000
N/ntm' (492) (641) (690) (731)
Yield Strength
(0.2%o Offset), psi 40,000 65,000 89,500 95,000
N/men' (276) (448) (617) (655)
Elongation (2 in. or 50 mat, % 41 14 9 6
Reduction of Area, 91. 72 64 G2 59
Brinell hiaidness 131 107 207 217
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EXPERIMENTAL SENSOR DESION f
OBJECTIVE; Design and fabricate an experimental pressure sensor for use
in the evaluation of the influence of the packaging concept on
silicon piezoresistive pressure sensors over temperature,
pressure, and vibration,
SCOPE: - Design and layout of an experimental sensor chip,
- Mask fabrication,
- Wafer processing.
APPROACH: - Minimize deviations from Honeywell's established silicon
piezoresistive pressure sensor technology,
• Ion implanted, buried piezoresistors, Implant dose
modified to enhance temperature compensation over
extended temperature range (-320°F (77K) to 250 OF
(394K))
• Silicon slab or etched silicon cavity diaphragm
• TE chip bonding techniques
- Design to provide data for prototype sensor design
• On chip meal ins%c-connects,
Wire bond intorface to sensor chip,
• bridge resistance - 500 xL
EXPECTED RisSULTS: Experimental data base for use in determining the
feasiailit of the sensor p? 1aging concept and for
directing the pro0type sensor design.
x:
- a .
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REQUIREMENTS: Transducer Input and Output Resistance = 1350-a to
2500a Honeywell temperature compensation concept
requires bridge resistance of -500x. .
Sensitivity: 3 my per volt of transducer bias,
S. my per volt of bridge bias,
S^ s (3) it (TRRmm ikeay. INrvT . asTr►►icF>/(,LRrvcK RE111TAW
Zero Pressure Output: <0,03 my per volt of transducer
bias & 75' F
ve(o) my per volt of bridge bias
V,t01 :
 S,/100
RR
 RTI c V.0(0) x (Rik + R r
Burst Pressure: 3 times full scale or 20,000 psi,
whichever is smaller.
PACKAGE IMPOSED REQUIREMENTS:
-Unique packaging configuration,
-Wire bond pads must be within R2 - 0,502)- 30 mils
-Tolerance on D 1
± 3 mils on pyrex washer ID3 mils on packaging alignment
Maximum radial location of implant < 60 mil
REX COVER GLASS
,•••	 SILICON NITRIDE
.-.•.-..^	 SILICON NITRIDE
--"+PYREX WASHER
SILICON CHIP
i	 1	 Dz	 i	 1	 W= 0.2 3"
^	
^ w 
	 ^	 'D 2 s o. 0 6
A
ATTACHMENT "E" CONT'D.
ORIGINAL
 
rp,,:OF p00 
POSSIBLE SENSOR CONFIGURATIONS
Slab	 •:
• 35 mil thick for, 10,000 psi sensor
• Diaphragm defined by ID of pyrex ring
• Piezoresistors near inner edge of pyrex ring for maximum
sensitivity
•	 - Etched Diaphragm
• 100 mil thick for 100 000 psi sensor
- 40 mil diameter diaphragm
- 15 mil thick diaphragm
• Two piezoresistor locations for maximum sensitivity
Near edge of etched diaphragm
- Near inner edge of pyrex ring
SELECTED SENSOR CONFIGURATION
Slab Configuration
• Sensors exailablo sootier
• Costs less
CoN-rRAc,T VMS NoT "ttQu.tRr 20,000 r%% nuRST TR'.5'6 ►ARtr
" U r, mo is Ta sk v /J
- Silicon Wafers: Use maximum thickness that is
• compatible with standard processing and fixturing at SSPC
(t < 2 5 mils)
• considered standard by silicon wafer suppliers ( t > 15 mil
is rot. standard and a special order)
Available Starting Material: 15 mil silicon with a 7 to 9 mil thick
r
ATTACHMENT "E" CONTD.
OP
OF P0J;h*1
F
i
DESIGN DETAILS
- Piezoresistors
. • 35'n. / o
• Width . 13 microns
• Length adjusted to yield abridge resistance of b y7. ` n
L = U-0 microns( L /W)(35) - 430.0 f iezoresistor
- Leadouts
35 r /o
. Tangential Resistor Leadout
R -(3.098)(35) • 108.4
2R-216.6 m
• Radial Resistor Leadouts
R 1 
-(3.383)(35) -118.4 n
R2 -(2.814)(35) 
-98.5 rL.
R i + R2 -216.9 rL
Bridgo Resistance: (.- 41r. G 1Z
Zero Pressure Output
R R - R T 14 0.00012 ( Ryi R.T)
Rv= G q'7.1 x7-
RT . 07. (. rL
I R 4t7 R T O. 0. lw 0.00012 ( R R + R T ) • 0:15 n
• Burst Pressure - 14 0 000 psi
- MA%1MUm OPERUT106- -PaVW-LV.1r = 4`10 ?%Z
CRLMLATFED Pr, PtITIVITV = 17 Mv/voL-r of awt' crE -BAs.
REQUIRFU StiuS ►TIUIi'Y = 12 ( SB). MV /YM --T o'F "^A^pv^"^31g5
4	 44
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